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. AIS system software to the TCO simulation, scheduled for January 1979 through

1.1 Overview

This report, covering the period of January 1978 through December 1978,
describes the initial development of the Adaptive Information (AIS) system
for the Marine Corps Tactical System Support Activity (MCTSSA). The Aid
system has been designed as an information management aid for the Tactical
Combat Operation (TCO) system simulation on the Marine Tactical Command and
Control Systems (MTACCS) Interim Test Facility. The first part of this
report includes a description of the AIS system model, the AIS system design,
the principle software functions, and a user's guide for running the AIS
system simulation. Also included in the latter part of the report are pre-
liminary AIS evaluation results and details of the planned transfer of the

December 1979.

1.1.1 Background. The AIS system is based on an adaptive multi-attribute
utility model for information selection. This concept was developed and
demonstrated by Perceptronics under ARPA Contract No. MDA903-76-C-0241
(Freedy, Davis, Steeb, Samet and Gardiner, 1976). In this effort, the
adaptive decision model was applied to and evaluated on a simulated ASW
submarine tracking task. Improvements in speed and efficiency of task per-
formance were noted with use of the aid (Samet, Weltman and Davis, 1976).
Successful demonstration of the prototype information selection system led
to proposals for its use in a variety of other military C3 situations.

In the current program the adaptive multi-attribute model was modified to
provide a real-time information aid designed to increase the combat effective-

ness of small military maneuver units. The target unit was the Marine bat-
talion, and the work was performed with the close cooperation of MCTSSA,

1-1
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Camp Pendleton, California. Primary points of contact were Col. A.I.
Warczakowski and Lt. Col. Wickens. MCTSSA provided battalion test scenarios,
access to their Interim Test Facility, Marine personnel and test facility
support, and AIS system requirements analysis.
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1.1.2 Objectives. Specific objectives of the one year program reported -
here included the following: oo

(1) Analysis of TCO operations and identification of the specific
functions to be performed by the AIS.

(2) Development of the overall structure of the AIS model in the
context of the TCO application: specification of principle
functions, formulation of data structures, and definition of

model attributes accessible from the simulated TCO messages =
resident in the data base of the MTACCS Interim Test Facility. e
(3) Development of AIS working software, and "gage test" demonstra- o
tion of AIS system aiding for message distribution and priori- x
tization in a simulated C3 scenario representative of the TCO .d
scenario on the MTACCS Interim Test Facility. )
(4) Review and analysis of the evaluation measures planned by the ﬁ?
Marine Corps Tactical Systems Support Activity (MCTSSA) for .
the coming MTACCS Interim Test Facility exercises in the light .
of AIS evaluation procedures.
(5) Establishment of desigr guidelines for transfer of the AIS :
system software into the TCO simulation on the MTACCS Interim '
Test Facility. . -
1.2 Technical Approach R
1.2.1 Rationale. Technical advances have led to increases in the speed, .
mobility, and destructive power of military operations. The amount and ;i
N
~
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transfer rate of information has increased accordingly. Information must

be processed more efficiently and more effectively for commanders to make
tactical decisions responsive to the rapidly changing succession of events.
To meet this need, new computer-based systems for command, control, and
communications (C3) are being developed and implemented. These systems are
intended primarily to aid in the collection, processing, and utilization of
different types and amounts of military data. The overall process is cyclic
-- as information is being used, other information is being processed, and
new information is being sought and collected. The dynamics of information
flow are, therefore, of critical importance and must be constantly monitored
and directed.

The consensus concerning current computer-based military systems for C3
operations is that they have increased the rate and density of information
flow to such an extent as to overwhelm a commander and his staff. New C3

" techniques are required to control information flow so as to best match

system capability with human characteristics in the man-computer interaction.
Review of previous research suggests that a significant step in this direc-
tion would be to individualize and automate information selection. This
would allow each system user continuously to obtain information that is both
relevant and timely with regard to his individual processing characteristics
and immediate decision making needs. Considering the large number of inter-
related users in a typical C3 system such as TCO, the effect on total system
performance would be to increase throughput substantially while also improv-
ing decision making quality.

1.2.2 System Concept. The basic concept of the model-based selection
system is illustrated in Figure 1-1. The message universe includes all
information potentially available to the recipient, or system user. In the
manual mode, the recipient continually selects messages in accord with some

selection stragegy. A strategy represents individual preferences for infor-
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mation in response to situational needs. In the automatic mode, an adaptive
information selection mechanism automatically supplies the user with infor-
mation on the basis of his or her individual selection strategy.

The factors which characterize an individual's strategy are incorporated

in an adaptive multi-attribute utility model. In this model, incoming
information is decomposed into measurable attributes. Attribute levels of

a message are defined by vectors which include both situational requirements
and source characteristics. The subjective weight, or utility, that the
user places on each attribute is estimated on-line, by an adaptive tech-
nique, as the user manually selects information. This is done during a sys-
tem calibration.

During operational use, the utilities, in combination with the measured
attribute levels, allow computation of a Multi-Attribute Evaluation (MAE)
value for each incoming message. The selector mechanism routes those mes-
sages to the recipient, prioritizing them with regard to MAE value, so that
he or she always looks first at the most desired information. The selector
can also use the MAE value to improve an individual's information-gathering
efficiency. For example, most users select more information than is actu-
ally necessary to reach a decision. In this case, the model-based selector
can reduce the transmitted message set by eliminating those messages which
contribute less than some criterion value of MAE value.

1.2.3 System Development and TNG Demonstration. The methodology used to

implement this system concept is described in Chapter 2. As a first step
forward in developing AIS system software compatible with the TCO, the
adaptive information selection model was applied at Perceptronics to the
Tactical and Negotiations Game (TNG) simulation, which was modified for this
specific purpose. The TNG requires its players to process information
messages in order to make assessments concerning the military, intelligence,

SR ol PP IR
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economic, and negotiation activity of a small underdeveloped nation plagued
by an internal revolution. This flexible yet controllable scenario provides
multi-dimensional information for multi-faceted C3 decision making, and it
has been demonstrated in past research to both maintain high face validity
and produce reliabie test results.

One of the difficulties faced by previous research users of the TNG has been
the lack of a ground truth base for evaluating the quality of the player's
decision performance. To overcome this problem, Perceptronics -- as part
of a prior work effort -- performed a content analysis on written decision
protocols generated in response to a large set of fixed messages during game-
playing sessions by many groups of subjects. The output of this analysis
was a set of four plausible specific states of the world (i.e., enemy
strategies) for each situational content area (military, intelligence,
economic, negotiation), with one alternative in each case clearly indicated
by a consensus of player opinion ac the correct one, i.e., the "school solu-
tion." This ground-truth base, together with the computerization of the
TNG, has greatly increased its general usability as a research tool, espec-
jally for the study of complex C3-related decision processes.

The efficacy of the AIS system in message distribution and prioritization
was demonstrated via a 'gauge-test' in the TNG simulation environment. The
details of the in-house simulation and preliminary system evaluation are
given in Chapter 3. A user's guide to the in-house system simulation is
provided in Chapter 4. Functional flow-charts and source code listing for
the training and testing phases are available in Appendices A and B,
respectively.

1.3 AIS Transfer to TCO Simulation

1.3.1 TCO. The intent of the one-year effort described here has been to
design and develop an AIS system that car, with minor modifications, be
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transferred to the TCO simulation on the MTACCS Interim Test Facility. TCO
'l' will be one of eight functionally orientea tactical systems included in the
MTACCS concept, slated for operation in the 1980's.

in the areas of operations and intelligence, including planning, intelligence
production, and the monitoring and directing of tactical operations. The
system will provide this support to ground elements, air elements, and Marine

|
| S
BN TCO will support commanders and their staff in carrying out their functions
Air-Ground Task Force (MAGTF) Head-quarters.

|

|

|

|

|

S? TCO functions can be grouped into five top-level areas, these are:
o (1) Operational Support

= (2) Intelligence Support

= (3) Fire and Air Support

e ' (4) Logistics Support

(5) Personnel Support

| TCO will perform these functions by offering commanders prompt, timely and
. accurate information for their consideration.

’ 'l 1.3.2 MTACCS Interim Test Facility. Alternative approaches to the automa-
' - tion of MTACC systems will be tested on the minicomputer-hosted MTACCS

< Interim Test Facility. The MTACCS Interim Test Facility provides for:

l.r' )

<, —
L (1) The capability to support the evaluations of automation concepts
" for TCO and other MTACC systems.
(2) The representation of the tactical environment in which the
MTACC systems are expected to function.
(3) Control of this representation by means of graphic and alpha-
Eﬁ numeric terminals manned by Marine Corps personnel acting in
B an interactive man-machine mode.

1-7
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The MTACCS Interim Test Facility can be considered an operationally-oriented
laboratory where requirements are defined, tested, refined, and analyzed
before they are implemented on the battlefield. As such, it is considered
an ideal test facility for evaluation of the proposed AIS system. The
software functions performed on the MTACCS Interim Test Facility are in-
cluded in Figure 1-2.

1.3.3 Exercise Scenario. The exercises performed on the Interim Test

Facility center on a scenario, i.e., a sequence of events and data inputs
that emulate an actual military operation. Current tests are based on a
Marine Amphibious Force (MAF), as the friendly force, making an amphibious
landing across the beach at Camp Pendleton. The actual scenario represents
a portion of operations ashore. The aggressor or enemy force is tailored
after likely adversaries. All information pertaining to the aggressor is
obtained from the U.S. Army aggressor's handbook. The basis for definition

~ of friendly forces is the Landing Force Operational System Study (LFOSS),

a document that provides a description of friendly forces in the future.

1.3.4 Transfer Requirements. A review of the messages resident in the
database of the TCO simulation reveals that the attributes required by the
current AIS software are all available or derivable from message headers.

If the message header changes, only a small redesign of the AIS system would
be necessary, due to its modular design. Test facility personnel are cur-
rently engaged in bringing up a version of the C language compiler to support
their simulation. Since the AIS is written in the C language, it is expected
that no significant software modifications will be required to make the AIS
software compatible with the MCTSSA Interim Test Facility operating system.

Two different implementation concepts will be examined at the time of AIS
software transfer to the MTACCS Interim Test Facility. These are discussed
in Section 5 of this report. AIS system evaluation at the MTACCS Interim
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tj . 2. ADAPTIVE INFORMATION MANAGEMENT E
= n 2.1 General :
e

S§ The goal of the 12 month program was to demonstrate the feasibility of X
( N ] modifying Perceptronics' AIS methodology for the Marine TCO system applica- g
" > tion as simulated on the MTACCS Interim Test Facility. This was performed 1
- by designing and implementing an in-house system incorporating the AIS :
O ~ methodology. This system uses a scenario similar to one used at the Interim X
(‘ . Test Facility. The AIS aids TCO operations by managing transfer of critical |
e information among data sources, tactical data bases, and data users. In ’
2; brief, the AIS functions by characterizing messages along a measurable set :
o o of attributes. The attributes comprise such factors as message content, J
@ - area, age, familiarity, accuracy, and geographic locale. The model computes i
I:; = an aggregate Multi-Attribute Evaluation (MAE) of a message as a selection !
ESZ ~ " criterion. The information selection policies of different users are then '
SO modeled for each tactical situation as- distinct vectors of attribute
{ I! weights. The set of multi-attribute models inherent in the AIS serve the :
o following functions:

oo

(1) Automatically routing messages from sources to various users.

(2) Automatically reprioritizing the queue of messages as command
situations change.

- ERN
P .
PP F TR ST

2.2 AIS Aiding Concept

[ 2o
e [
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Figure 2-1 illustrates the AIS aiding of the TCO information dissemination
- function during the conduct of an exercise on the MTACCS Interim Test
= Facility.
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During a typical TCO exercise on the MTACCS Interim Test Facility, the com-
puter system serves the exercise players at tactical positions and a member
of the Control and Simulation Team (CST) at control positions. The data
processing system supports the entry and transmission of messages originating
from both the pre-established simulation file and the live operator positions.
. Exercise operators assigned to each tactical position perform their normal
military functions. They respond to stimuli from other operators, from CST
members and from outputs of the simulation file. The system contains

routing tables to control the distribution of messages. The routing tables
are based on message type and originating node. They provide the preliminary

&ﬁ distribution list for each message. The operators can add one recipient to

-~ the message distribution 1ist without having to change the standard routing

:f table. They possess temporary manual override capability on the standard

r routing table by designating a specific destination for a message at the time
the message is sent. Further, for each user, separate message queues exist.

_ The Adaptive Information Selection will aid the projected TCO routing channel

!: (in the performance of these exercises on the test facility) by automatically
routing the messages and prioritizing the messages in each user's queue by

ZE utilizing the multi-attribute evaluation model approach. The specific func-

) tions of the various elements of the AIS as shown in Figure 2-1 are discussed

;3 below.

RS (1) Attribute Vector Extractor. The message attribute extractor

K "extracts" the attribute levels from each message (supplied by

— the pre-established simulation file and 1ine operator positions)

- based on its header, content area, and tags. This information

- js partly contained in a table look-up format for each message ID.

v

(2) Familiarity Indicator. This is a counter for determining the

o number of times specific users have viewed a particular message.
: It assigns a value to the familiarity attribute level based on
o this count.
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(3) Message Evaluator (ME). The ME function weights and aggregates

the constituent attributes according to each specific user and
command situation. Using a set of Multi-Attribute Evaluation
(MAE) models, it performs the following functions:

(a) It determines a distribution list of recipients (user

1,...... in Figure 2-1) for each message which it recommends

to the exercise operator (manual router). The exercise
operator retains the prerogative to accept or reject this
recommendation.

(b) It prioritizes or ranks the messages in each user's queue
according to changes in the command situation as reflected
by corresponding values in the weight vector provided by
the WEIGHT VECTOR SELECTOR.

(4) Weight Vector Selector (WVS). The WVS function is to select
appropriate weights per attribute for each user as the command
situation changes.

2.3 System Organization

2.3.1 Attribute Definition. The additive attributes are those factors
which act in a trade-off fashion (an increase in one factor will compensate
for a loss in a second factor) and discriminate between user policies. The
attributes are derived from the message headers and from the database. A
representative set of attributes determined for the MTACCS simulation are:

Attributes A1 to A4: content area. Each message is categorized in
the header according to its purpose. By analysis, this information
can be partitioned into a set of 4-6 meaningfully distinct content
areas for each user. These membership areas define the content

2-4
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SO attributes. Presence of information in a given content area results

:! ‘ in a unit level for that attribute, a zero level otherwise.

Séj ~ Attribute A5: message age. The message header lists the time of
E:ﬁ ES origination of the message. The age is derived using the system
o

!_ clock.

Attribute A6: specificity. The message could be summary or de-
tailed. This attribute may be used to portray a message that was
complete or incomplete.

Attribute A7: familiarity. The number of times the user has seen
the message. This is maintained in an internal table. This attri-
bute may be simplified to whether the message was seen or unseen.

Attribute A8: priority. This attribute portrays the importance of
a message. .

Attribute A9: locale. This attribute refers to whether a message
was generated locally or otherwise.

» .'
PRI

)

2.3.2 Attribute Weight Vector. Each user is assumed to have a policy of
information selection that depends on his responsibilities and on the current

= command situation. This policy is reflected in a separate vector of attribute
- weights for each distinct situation. For example, an intelligence officer may
L have a high value for political information during a surveillance situation
b but less so during an attack. Of course, all cumbinations of user and command
.- situations need not exhibit a distinct weight vector. Figure 2-2 shows how a
2? given weight vector may be common to several different command situations.
Minimizing the number of weight vectors in this fashion reduces the required

: j: training time.
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Estimates for a commander's attribute weights, or his utility for that
attribute, are provided by the adaptive portion of the model. The weights
are adjusted (or calibrated) during sessions where a commander performs the
tasks required in the scenario by choosing freely among a menu of possible
information items. The model begins with equal weights assigned to each
attribute and then dynamically adjusts them in accordance with a simple
training rule.

The dynamic utility estimation technique is based on a trainable, multi-
category pattern classifier. Figure 2-3 illustrates the mechanism. As the
user performs the task, the on-1ine utility estimator observes his choices
among the available information categories or messages, and views his decision
making as a process of classifying patterns of information attributes. The
utility estimator attempts to classify the attribute patterns by means of a
linear evaluation (discriminant) function. These classifications are com-

. pared with user's choices. Whenever they are incorrect, an adaptive error-

correction training algorithm is used to adjust the utilities. This algorithm
is described more fully in Section 3.1. A comprehensive discussion of this
technique can be found in Freedy, et al (1976), or Steeb, et al (1977).

2.3.3 Training Algorithm. On each trial or training sequence, the model
uses the previous evaluation weights (wj) for each attribute (j) to compute
the multi-attribute evaluations (MAEi) for each available information
category (i).

MAE, = Z Widsj

The model predicts that the user must always prefer the available information

item with the maximum MAE value. If the prediction is correct (i.e., the user
chooses the information item with the highest MAE), no adjustments are made to
the utility weights. However, if the user chooses a message having a MAE less

2-7
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than that of the predicted message, the model then adjusts the evaluation
weights by pairing the chosen category with the predicted category and apply-
ing the error correction training algorithm.

The model uses the previous evaluation weight (wj), for each attribute (j),
and the difference of the attribute levels of the chosen message with the
predicted message (ajc - 3y ), to generate the new evaluation weight (wj)

for the jzh-attribute. The amount of adjustment that takes place is governed
by the constant A.

W, = W, + ) .. = a.
37t lage -3y

In this manner, the evaluator "tracks" the user's information selection
behavior and learns his utilities or weights for information attributes.

SLANCINDNE S s i St iat i St S ek




:/' .{‘n‘.v

SANANANM @

- g a0
AL

Ry 5 '-._' e

SRODDDI R

O YA A

R0 ..'.n‘ AP IR

3

B A

............
............................................................

Y

uuuuu

3. IN-HOUSE SIMULATION SYSTEM

The Adaptive Information Selector simulation uses a scenario taken from an
already existing C3 simulation called the Tactical and Negotiations Game
(TNG). The TNG requires one or two players to process information messages
and make decision assessments concerning the military, intelligence, economic
and negotiation activity of a small underdeveloped nation plagued by an
internal revolution. The AIS implementation uses a subset of the message
file of the TNG. The messages that will be used contain six parameters from

~ which the multi-attribute utilities will be determined. The current attri-

butes used are: content area, age, detail, familiarity, priority and locale.
The attributes indicate what a message is about, how old it is, whether it is
a detailed or summary message, whether it has been seen yet, its priority and
its origin. Figure 3-1 shows the attributes of two such messages. The
simulation takes place in two phases. The first phase is the calibration

- phase where the Multi-Attribute Evaluation (MAE) weights of the model are

adjusted while subjects evaluate messages at a terminal. The second phase
is the verification phase where subjects rate and/or select messages which
are being routed and prioritized at their terminals. The model weights from
the calibration phase are used during the testing phase to calculate the MAE
values used for routing and prioritizing of messages. A detailed discussion
of each phase including documentation of the principal functions making up
the software of each phase is given below.

3.1 Calibration Phase Overview

The calibration phase involves randomly generating message attribute values
for pairs of messages. Each pair is presented to either a real or simulated
subject. The subject is then required to select the message which he deems
more important to him based on the message attributes and the current command
situation. The MAE model predicts user choice based on its currently estab-
lished parameters. The MAE model parameters are adjusted only if the model

3-1
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Message Content Area

A negotiations
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Select A or B

Age Specificity Familiarity Priority Locale
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detailed

unseen

seen
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fails to correctly predict the user's response. The adjustment rule is
illustrated in Table 3-1. In the case of a simulated subject, the choices
are guided by the attribute weights used to model the behavior of a real

subject.

The MAE model parameters are calibrated under four separate command situa-
tions. Calibration of a new command situation is initiated only when the
model weights for the previous command situation are ‘stabilized'. A parti-
cular command situation is considered 'stabilized' if a test of convergence

~is obtained. Convergence is determined by one of two possible tests (see

Section 4 for details of tests). Each test uses a sliding window over which
convergence is evaluated. The training phase is concluded when the MAE model
parameters for each of the four command situations have converged.

3.2 Testing Phase Overview

The testing phase of the Adaptive Information Selector simulation incorpor-
ates the weights from the calibration phase and computes the Multi-Attribute
Evaluation (MAE) values for routing and prioritizing of messages based on
these weights. Routing consists of messages from the message file being
placed, at preset intervals of time, in one of a number of subject's bins
(currently two). The subject bin selected for the message is determined by
either the calculated MAE value or by a random number aenerator, depending
on the particular control case the system is executing.

The efficacy of the training phase (i.e., how well the trained weights match
the subject's role or policy) is determined during the testing phase. The
testing is performed using one of two possible designs or approaches. In the
first approach, prioritizing of messages is performed by having the system
display to the subject his current bin of messages along with the message the
the system has selected as being the most suitable. The most suitable message
is based on the MAE computation using the trained weights. These take into
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TABLE 3-1

WEIGHT-TRAINING RULE

CORRECTION DIFFERENCE

Chosen Predicted :

Adjusted Previous Adjustment Information-Source Information-Source :

Weight Weight Factor¥* Attribute Level Attribute Level b
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account specific command situations for a given subject. The subject then

rates (on a scale from 1 to 5) the system recommended message. This rating
indicates the subject's view on how suitable the system selected message was
in terms of his prevailing policy. Statistics are kept on each subject's
accumulated ratings of the system selected messages. In the second approach,
the subject himself can select a message from the queue in his bin. The
system compares his selection with its selection based on the MAE computation
by calculating statistics that provide a measure of closeness between the
subject's and the system's selection of messages. Either or both of these
two design options should accurately test the validity of the trained weights.

To a limited extent, the efficacy of the MAE-based routing and prioritization
function is established by the use of control cases. Each subject is tested
using three separate control cases through which the system cycles. The first
control case employs 'random' routing and 'random' prioritization of messages.
" During the second control case, the system performs random routing and MAE
based prioritization. During the third control case, the MAE computations

are used for both routing and prioritizing of messages. Using this evaluation
scheme, a measure of the advantage of MAE based routing and prioritizing over
purely random message presentations can be established. If the MAE model is
effective, the third control case should produce significantly higher ratings
than the first over a reasonable time duration. The ratings for the second
control case should fall somewhere between those produced for the first and
third control cases. In the Test Facility, however, MAE-based routing and
prioritization efficacy will be measured against the existing 'hard wired'
distribution 1ist. This will provide a more realistic measure of the advan-
tage of MAE-based routing and prioritization functions.

As described earlier, the scenario used for the in-house simulation is an
adaptation of a command and control simulation system called the Tactical and
Negotiations Game (TNG). Currently, there are sixty messages making up the
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scenario file. At present, two subjects can receive messages at their respect-
jve stations (terminals). This number can easily be extended to serve addi-
tional subjects or stations with slight modifications to the software. At the

end of the testing phase simulation, the cumulative statistics printout for
each control case and command situation is presented.

3.3 Testing Phase Design

In the testing phase, each subject is seated at a terminal and apprised of a
specific responsibility or given a specific policy role to follow. Typical
user responsibility roles assigned to him are that of an intelligence officer
or a logistics officer in a dynamic tactical environment. A typical view of
the information displayed to the user at his terminal is shown in Figure 3-2.
Each subject's display basically consijsts of a 1list of all the non-viewed
messages which the system has sent to his station. Two possible message-
related commands can be entered by the subject. These commands, along with

a brief description of each, are listed in Table 3-2.

Each system user has a message bin that stores messages routed to his station.
The display control system maintains a dynamic display for each user. As
messages are routed, they are automatically displayed onthe user's terminal.
The resulting message queue held in the subject's bin is displayed strictly
jn terms of message attributes. The dynamic nature of the bins allows the
message display to be updated, and messages to be deleted after viewing.
Currently, available display space allows no more than 10 messaces to be
stored in a bin at any instant. When ten messages have accumulated, the
display system uses a first in - first out (FIFO) phitosophy to dfsplay the
the most recent messages.

The possible commands that can be issued by a user are; 'N', 'R', and 'S'.
The command 'N' tells the system to select the next appropriate message for
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MESSAGE ATTRIBUTES CS: COMBAT

MESSAGE CONTENT AREA  AGE SPECIFICITY FAMILIARITY PRIORITY LOCALE
economic old summary unseeen Tow own
intelligence immediate summary seen high adjacent
economic recent detailed seen Tow own
military immediate detailed unseen high own
military old summary seen Tow own
negotiations recent detailed unseen Tow adjacent
intelligence old summary unseen high own

o o1 W NN = O

COMMAND: _Enter (N or S)?

x & ¥

r I"

3 military immediate detailed unseen high own

THE COMMANDER OF THE 102ND DIVISION REPORTS THAT HIS UNITS ARE CONTINUING
TO SEARCH FOR ENEMY TROOPS AND SUPPLIES. ONE BRIGADE HAS FOUND A TUNNEL
SYSTEM CONTAINING AMMUNITION AND FOOD SUPPLIES BUT HAS SIGHTED ONLY A FEW
ENEMY TROOPS WHO WERE APPARENTLY RETREATING.

FIGURE 3-2. MESSAGE DISPLAY IN TESTING PHASE SHOWING USER BIN AND
DISPLAYED MESSAGE
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N Command for MAE model to select a message ;f
Rn* User rating of the MAE selected message -]
snt User command for message selection , ]
o
T |
. b
o
K

* n is an integer in the range 1 to 5, used to rate the MAE selected j;
message.

+ n is an integer in the range 0 « 9. It is used to select which a

message from the user's bin is desired for display. -
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the user from those in his bin. This message and its associated attributes
are displayed at the bottom of the screen as shown in Figure 3-2. The other
messages sent to him until that point are displayed in terms of their attri-
butes only. After viewing the system selected message, the subject enters a
rating command which consists of an 'R' followed by a number from 1 to 5.
This command allows the subject to rate what he thinks the value of the
system selected message is to him, based on his assigned policy role.

The third command 'S', is followed by a digit from 0 to 9 which corresponds
to the message in the subject's bin that he wishes to select. This message
is presumed to be the one the model should have chosen given an 'N' command.

The difference between this message and the system selected message is moni- Zf
tored, and statistics on system performance gathered. :i
.

The testing phase entails three separate control cases and four different

" command situations. Each of the four command situations is repeated for the
three control cases. The three control cases are numbered 0, 1 and 2. The
four command situations are Planning, Assault, Operations Ashore, and With-
drawal. Each command situation corresponds to a sub-scenario which is
characterized by specific operations. Planning is characterized by a 1ull

in combat with very 1ittle activity. In Assault, combat-ready operations are
in process. In QOperations Ashore, an actual battle is in process. Withdrawal
is the period immediately following a combat situation. Subject responsibi-
lities and, in turn, information seeking behavior, will vary according to the

prevailing command situations.

A representative example of convergence behavior of the AIS simulation is
shown in Figure 3-3. Four mission phases are present, as shown by the four
segments of the figure. At the beginning of the session, all nine attribute
weights are arbitrarily set to the same normalized value, .33. The weights
quickly diverge from this value until, by the twentieth decision, they are

3-9




&

B

5

AL LA
Oy

L
Ve

[}
"y

.
P

~ay

.

LR

2
b

P
RS (e
S .‘-l

.

Al e e

»h
it v
1Y

A
L)
o

LA A
R AN

X
P
I.l I.' y . l.'t '

AL
.i

VAL
DK
S LA

o«

(ﬁ | il
s
A A e

E‘.\
~ »
I
4
%

R A Tt A N AN

| i O
] |

es 00 aonie

b

L

..a---.‘ |

|

M !

ERensenaiins QLAY PRTPSE

ST

\

- T

ALY

U

e e s

- —

&3 —
.50 —1
Y T T T T T T T T T T T T T T T
0 10 ] 30 ) 50 60 % 80 % 100 110 120 30 0 150 10 1
PREMOB1LIZAT 10N MOBILIZATION COMBAT ofE R Thus

Military

Intelligence

Negotiations

Econimic

Age

NUTER OF TRIALS

P SR

Specificity eoeeceoee

Figure 3-3

N A

3-10

L ean P e avomamy
Ny AP .‘.q',

» I

Lo '.-.".- ‘e

~

' m*mP . a®aa

Familiarity —>—>—t—

Priority

Locale

L.

t

L.

el

e
Pl

AOAY

[

Ay . -

o |

SARCEIR CLAN (R L {'Za‘:';i-;(é'i-;‘{'.iﬁfJ




- }'I/

A S

~— GCARA AR A

N PR Ly S S AR

AENENENLRS L IS

N T o

consistently ranked. Calibration continues until a convergence criterion is
met (10 decisions without adjustment). At this point, the mission phase
changes. The previously estimated weights are used as the starting values,
and calibration continues until convergence is reached for this phase. The
adjustment period is reduced (particularly in mobilization and combat opera-
tions) since less adjustment is required from the initial vector. Also, the
number of trials to convergence could be further reduced if the message were
chosen from a large number of options in each decision, rather than the pair-

~wise choice made here.

Further experimental tests of the AIS will be performed at the MTACCS Interim
Test Facility. A description of these tests is given in Section 5.

3-1
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<~ 4. USERS GUIDE TO AIS SIMULATION

s«

‘. “ 4.1  General

;. . The AIS model is written in the C programming language and is run under the

i; ' UNIX operating system. The simulation system consists of two separate pro-

l . 3 grams which access a shared data base. The first program performs the ini-

§§ - tialization of the system by calibrating a weight vector for a given user. 1

QE' - The second program provides for verification by allowing the user to monitor

‘tii N the model in prioritizing messages using the previously trained weight vector. |

. i
JE Each program has parameters that control program execution. These parameters !
. reside in an external file. When parameter changes are desired, the new j
j: . parameter values may be entered into these files and linked to the system.

A 1ist of modifiable parameters in each program is given in Table 4-1.

4.2 Model Calibration

O o TE e,
IR e @ N
L]

P~
;|

In this phase, a user is assigned a specific policy or role to follow. The

;I 2 system displays two messages at a time to the user. The user's assignment
. V.
5 e is to select that message which he feels is more important to him under his
" designated role. The model adjusts its weights in accordance with the user's
2 !; prevailing policy under each of four command situations. The convergence of
:: _ the weight vector is determined by using one of two tests. The test that is
:2: f: employed is determined by the user when the system is loaded. The algorithm
A used by each of the two convergence tests is given below.
e e
Lﬁ; ” When user weights under all of the command situations have converged, the
fﬁ program prints: (a) the resultant statistics (computed progressively) and
}E (b) the final weight vector for the user. Appendix A provides the functional
e flowsharts and source code of the major modules that make up the training R
5 phase. X
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TABLE 4-1

MODIFIABLE PROGRAM PARAMETERS

MODEL CALIBRATION PHASE

DESCRIPTION PARAMETER

Simulated Subject Weights - simwt [NSIT][NATT]
Initial Subject Weights - weight [NSIT][NATT]
Real Subject Flag - simul

Convergence Window Thresholds tholdl, thold2

Convergence Method Flag - method

TESTING PHASE

DESCRIPTION 4 PARAMETER

Subject Weights - weight [SUBJJ[NSIT][NATT]

Message Inter-Arrival Time - vect [MSG]
Command Situation Duration - tes [CSI]
Number of User Terminals - NSUB

4-2
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Convergence Tests

Two convergence tests are available in procedure 'test'.
gence window and threshold as specified in procedure 'data’.
are described below:

Method 1

Both use a conver-
The two methods

Behavior over a window, w, is recreated and evaluated with the new weights.

Convergence is declared if the current weights predict the behavior over
the windown sufficiently well. The algorithm is as follows:

If (SUM<tholdl) then convergence declared
otherwise convergence not declared

where:

AR,
SUM = Jag|2%iW, | ey lag, W]

i=t-wtl
where:

t = current trial

i = index of trials

w = window

s%; = attribute level difference (&A-_B) vector for trial i-

2 = attribute level for message A; g = attribute level for
message B

= current weight vector

1, if current weights don't predict the actual choice

~0, otherwise

n

4-3
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5 Method 2

N In this method the amount of adjustment of the model is accumulated over the
-Z;:: convergence window. The amount of adjustment is a function of the weights as

= they existed at each trial rather than the current weights. The algorithm is =
as follows: s 1

P T

' If (SUM<thold2) then convergence declared _

-' , otherwise convergence not declared

.\. where: o

N o

B t t |

':' SUM = §  adjusted (i) = J|a(i)]

Yy i=t-wtl i=t-wtl -

" where: >

w = number of adjustments per window =

, adjusted (i) = absolute value of the amount of weight adjustment

*‘ on trial i as returned by procedure 'adjust'

' 4.3 Testing Phase i

4 v

, Currently, a minimum of three terminals are required to run the simulation o

:Z:: program for the testing phase. The capability for using more than two sub- N

'.' jects is easily achieved with the addition of extra terminals. One terminal -

3_ is used as a master terminal and controls the simulation; the addition termi- :J

ZE.‘_T nals play the role of user stations. The user stations are standard CRT

_,E terminals. Sj

.. !

A1l terminals must be turned on and logged in under one user identification

= ;!

e |

% Y
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(i.e., Dave). Before beginning the simulation, the program disables the

CRT terminals being used, and enables them again on exit.

To start the simulation, the operator simply enters: "AIS x y" followed by
entering the carriage return key. The x, y pair refer to the terminals that
will be used. A message describing the users responsibility and possible
actions appears on the terminal. When all users are ready, the system starts
routing messages to each user. The statistics, which include the mean rating
and the variance of the ratings for each subject, are printed on the master
terminal after the termination of each control case and command situation.

In addition to the user commands for the AIS model, two system commands are
available for controlling the AIS model. The time that each subject spends

in each command situation can be controlled both by the system and the subject.
If the subject wishes to proceed to the next command situation, he simply
enters the command '?'. The subject may also temporarily halt the simulation
and restart if at a later time by entering the command 'h'. A list of the
possible system commands is given in Table 4-2. The functional flowcharts

and a source listing of the major modules of this phase are included in
Appendix B.




TABLE 4-2

TEST SIMULATION CONTROL COMMANDS J
COMMAND MNEMONIC USAGE -
N 'next’ - display next msg, as chosen by MAE e
Rn 'rate’ - used to supply a users rating of n :;I:
. to MAE chosen msg. -
Sx 'select’ - display msg x, user desires to view <
msg explicitly -
_ H ‘halt! -~ halt simulation temporarily -
.t; . d
~ >,
Pxy 'proceed’ -~ proceed to control case x, command
situation y. Default values are i
current control case and command
situation. .
:‘
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o ' 5. AIS TRANSFER TO THE MTACCS INTERIM TEST FACILITY

4

::5' . 5.1 General

Ef ~ The MTACCS Interim Test Facility at Camp Pendleton, California will be used
{' ] to test and evaluate the Tactical Combat Operation System (TCO) design. Due
SEEN to differences in the structure and environment of the test facility, some
=:; . of the principal AIS functions will undergo slight modification prior to
13 ;; their installation. The software of the simulation development system is
( written in the C programming language under the UNIX operating system.
jj ;i Personnel of the test facility are presently engaged in bringing up a version
,i ) of the C compiler. Only slight software modification is anticipated to make
%j ;; the current programs compatible with the Interim Test Facility operating

e . system.

RS
> 5.2 AIS Implementation

oS
g i

At pkesent, two alternatives exist for implementation of the AIS model at the
test facility. One alternative calls for imbedding the major software modules
directly into the test facility software. The second alternative is to have

T

. LI
3l a8

»

. .
WAl
-

; the AIS model serve as a stand alone program, with the MTACCS Test Facility

', l! used as a backdrop or working environment. A final decision will be made '
{j a after further examination of the benefits afforded by each alternative.

?:j o

SN The remaining effort in implementing the AIS model will be in interfacing to
;g ‘. the existing software of the test facility. Personnel at Camp Pendleton

ﬁj 2 concur with us that the most expedient approach will be to perform the inter-
;f > facing at the Interim Test Facility (ITF). This approach allows the remaining
%: 15: effort to concentrate directly on the MCTSSA application.
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5.3 AIS Calibration

AlIS calibration takes place in response to two types of behavior: (1) routing
of messages to the various nodes, and (2) viewing or discarding of messages

by the users. These two functions are illustrated in Figure 5-1. The first,
routing, is shown in isolation in Figure 5-2. Here, a sequence of messages

is generated from the scenario file, each with a distribution list of nodes

to which it will be routed. The messages will be treated two at a time by

the training algorithm. For each node, the messages will be evaluated accord-
ing to the node's weighting policy. If a discrepancy between the predicted
routing.and the actual routing occurs, an error correcting adjustment will be
made. For example, node 1 is scheduled to receive message 2 but not message
3. If an evaluation of the two messages using node 1's weights does not
correctly predict this advantage, a correction of the weight is necessary.

In abbreviated form, the adjustment is as follows:

] new w]N] previous

[N”, N-lz,...wm = [N”, w12’.'°

-2 {[AZ]”..AZN] - [A3]’.-'A3N]}

Continuing in the example, node 2 is sent message 2 but not message 1, and
node 3 is sent message 3 but not message 2. Adjustments are made to the
node 2 and 3 weight vectors if the predictions are correct. In this way,
model predictions For each node are evaluated for each pair of messages,
and systematic corrections are made for errors.

The second form of behavior, i.e., user responses to the messages received,
results in a similar process of observation and adjustment. As shown in
Figure 5-1, a given node will receive a sequence of messages. The operator
will either view a given message or hold it for later viewing or discard it
without viewing. The viewing is essentially an acceptance of the routing,
while the holding is a rejection of the routing. Each pair of messages coming
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N :: ey
I I
A
' ‘\.
I‘ ‘l SCENARIO FILE
E
R MESSAGE 1
X MESSAGE 2
o :
YRS
( o MESSAGE N
N ROUTING
A
NODE 1 NODE 2 NODE N
QUEUE QUEUE QUEUE
i !! USER USER USER
X RESPONSE RESPONSE RESPONSE
S
;. VIEW HOLD DISCARD  VIEW HOLD DISCARD  VIEW HOLD 'DISCARD
o
g FIGURE 5-1. MESSAGE HANDLING BEHAVIORS IN INTERIM TEST FACILITY
;
”
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DISTRIBUTION LIST
(NODES)

ATTRIBUTES

PA%R { MESSAGE 1 1, 3 (A]], A12,...A]N |
{MESSAGE 2 1, 2 [AZ], A22,...A2N |
A

MESSAGE 3 2, 3

PAIR
2

[A31s Aggs-- gy ]

NODE 1 NODE 2 NODE 3

[w”, Wips-o W | [w ] (w

N 212 Wops. My 31 W3ps. . Way

FIGURE 5-2. ROUTING BEHAVIOR

5-4

\.",-.‘.

‘.:.':.."T'-’."'."_‘ P AN ARASNMAIEAN AL ACAS TR RAN K A S i sy B § te ) N AT AN VA SV S Ak ANAS .f‘.'-'_‘."' RO ‘ S "-_,‘F‘F."‘q
Ay

~ ~¢l

.

L.

]

wt
[

<

A




LY
A

" NS
e)

e A At ATt Tt Tt ANt e .t

to a user is evaluated by the model and a prediction made as to the relative
importance. If the user discards a message of predicted high importance, and

holds one of low importance, an error correcting adjustment is made as before.

These types of adjustment, according to routing and according to response,
are made in concert. Each adjusts the same sets of user policy weights.
use of two sources of behavior speeds the adjustment process and provides
inputs from both router and user as to distribution policy.

The

5.4 AIS Test and Evaluation

AIS system evaluation at the MTACCS Test Facility is planned to take two
forms: (1) side-by-side comparison with the existing manual routing, and

(2) subjective evaluation of system effectiveness. In each case, information
seeking policies will be estimated by the AIS for each recipient and command
situation. Messages will then be routed to the various users. In the side-
by-side comparison, the overall effectiveness of usage of the information
will be determined for both the AIS-aided and the manual routing channels.
The subjective evaluation will be more individually oriented. Each recipient
will rate on an absolute basis the quality of the messages provided by the
AIS process.

ITF Hardware/Software Capability

5.5
Hardware. The Interim Test Facility system is a minicomputer network comprised
of:
1 DEC PDP 11/70 Minicomputer
8 DEC VT 52 Display Terminals
2 Vector General Graphic Displays
Software. The software available on the Interim Test Facility consists of:

5-5
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?ii (1) A Database Management System: DEC DBMS-11
o (2) Time-Share Operating System: IAS Version II —
. (3) High Level Languages: COBAL, FORTRAN, MACRO, CORAL-66, and C. A
T 2
::; 5.6 Estimated Burden of ATS -l
S
‘ The following is a breakdown of the costs of operating the AIS. These costs E’
’di involve the additional memory needed for the software and the added response ’
Z:E ~ time due to the AIS. In the memory forecast (Table 5-1), total cost is
Y reflected in the predicted number of line code needed to implement each
oy principal function. The total number of lines is then translated into memory “;
'ﬁgz estimate in bytes. This does not include I/0 routines or other system =
:ﬂii functions which should already be in memory. In addition, the necessary X
';;L extra data areas, such as those required for the attribute level tags associ- ?5
N ated with each message, are given. -
~ i
Ej- For the response time calculations, a worst case example is given. The B
— example assumes a message pool of 105 messages with eight attributes each E;
and three message recipients (users). The Router and Familiarity Indicator
N programs should add minimally to the response time of the AIS because much !
Ij? of the code involved in these routines already exists. Essentially, the ~
A, - .
only addition to response time is due to the Message Evaluator and Prioritizer. d |
The calculations of execution time involved in these routines is shown in e
4 Table 5-2. X
AR
23 |
e As of now, the worst case estimate by MCTSSA for message delay on the TCO -
:f: is 5 seconds (based on message delay time observed on the former test Si
IE facility). Our prediction of the AIS response time is about .05 seconds,
;iz which, compared to the existing response time, is negligible. Also, given ?i |
if the 32K partition of memory at the test facility, the 24K bytes of memory =
giﬁ needed for the AIS will allow the model to perform in a stand-alone fashion. %
2 R
A
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TABLE 5.1 MEMORY FORECAST

Principal Function Lines of Fortran Code

Familiarity Indicator 100
Weight Vector Selector 100
Message Evaluator 150
Prioritizer 100
Display Controller _150

Total Lines 600
Number of Bytes 20K

TOTAL MEMORY 4K
24K

Data Areas

TABLE 5-2. AIS RESPONSE TIME (WORST CASE)

SAMPLE 105 messages

8 attributes
3 users

MAE CALCULATIONS:

105 x 8 x 3 x (1.0u sec.) Floating Pt. add & multiply
= 8.8 m sec. + 10m sec. (overhead execution time)

= 18.8m sec.

To prioritize messages:

= 1052 x 2.0u sec. (for a compare & load)

22m sec. + 10m sec. (overhead execution time)

32m sec.

Total AIS response time = 5Im sec.
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Further discussion with personnel associated with TCO will determine the
3- feasibility and desirability of integrating the AIS software into the -

M o 3 LA

4

exsiting system.

5.7 Preliminary Evaluation of the AIS Model Concepts ;i :

Before entering the final stage of the AIS model implementation and transfer ;f
to the Marine Test Facility, key Marine personnel associated with this pro-
ject were invited to participate in a model demonstration. Two separate

Nl

-x
"

site visits and demonstrations were given which allowed LtC. Wickens,

LtC. Malady, Maj. McDonough and Maj. Collins to participate in an AIS model )
simulation. On each visit, the model was first calibrated, and was subse- o ii
quently followed by a model verification phase. The final results were ’
encouraging, and the ensuing discussion led to the incorporation of additional =
features into the system.

'.‘-Al\\\\‘n‘n\

The performance of the AIS model was ciosely monitored during the simulation,
and computer printout gathered during each trial run verified the model to

be parforming as expected. The use of identical starting weights showed that
th# 40del was able to converge to different, yet similar, weights for each of -
the subjects. In the model verification phase, the efficacy of the AIS model
to selectively route and prioritize messages according to user preferences
was demonstrated. The objective rating of the model's ability to prioritize X
messages showed a very high degree of success, and was accompanied by a - ii
subjective rating in which the AIS mdoel was very highly rated by those in- .
volved in the demonstration. Further, the Marine Corps Personnel commented )
that the capabilities of the AIS model would be essential for effective
future military operations. e

‘-' 'v' '

RPN

The next step planned in the AIS model implementation involves the final )
decision on placement of the AIS model in the TCO environment. Primarily, o

A R S B R L R T I e I P R LG

., T A AT TN AN ORI . SRR LY NUPEIR TS ALOLNE S G PO TR Na® M YN
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the decision is in regards to implementing the AIS model as a stand-alone
unit with the TCO as a backdrop to AIS operations, or in modifying existing
TCO software to accommodate the principal AIS functions.
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DBMS-11 Data Base Administrator's Guide, Digital Equipment Corporation

. 1976.
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MODEL CALIBRATION PHASE

1. Introduction.

The AIS model is implemented as a two-part program. Part one adjusts a
weight vector for a user assigned a particular policy role. Part two pro-
vides validation of the calibration phase, including statistics on program
execution. The model is provided with two convergence tests which are used
in conjunction with the adjustment algorithm to adjust the weights of the
users weight vector as the situation warrants.

2. Principle Functions

The training phase of the AIS model is broken into five major modules.
They are:

(1) MAIN - Main Program

(2) MONITOR - Subject Monitor

(3) TEST - Convergence Tests

(4) ADJUST - Weight Adjustment Module

(5) GENATT - New Message Attribute

Selector
Figure A-1 shows the module invoking sequence of the five major modules.
2.1 Main

A functional flowchart for the module MAIN is given by Figure A-2. This
module is responsible for overall program execution. The weight vector of
a system user is given as a quadruple, with a distinct weight vector cali-
brated for each command situation. The system adjusts the weight vector of
a given command situation until the weights satisfy a given convergence
criteria. When the weights currently being adjusted have converged, the

A-1
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S CMD SITUATION

7

Y

REMAINING WEIGHTS ‘ SET WEIGHTS OF ‘
SATISFACTORY ? REMAINING CMD SITUATIONS

i - ’ Y

MONITOR EACH SUBJECT.

FIND WEIGHT DIFFERENCE VECTOR
> GET POINTER TO WEIGHT MATRIX
w TRAIN WEIGHTS

NORMALIZE WEIGHTS

&
2 .J§L<: CONVERGANCE j>>
L OBTAINED ?
s YES
W &0__<AL'L CMD SITUATION>
o COMPLETED ?
- - YES y
C ( RETURN:)
& Figure A-2
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. . e

N weight vector for the next command situation is calibrated. When all W a
X command situations have been encountered and the corresponding weight =
vectors corrected, the calibration phase terminates. . E

2.2 Monitor

This module is responsible for selecting the next pair of messages, dis- 2 ’
playing them to the user and recording his response. The system is designed
so that if a simulated subject is used, the model will make choices for the

UY',‘_."-'l'v

. " simulated subject based on an initialized weight vector. A functional flow-
chart for this module is given in A-3. K

d" ™ -
:: -~ :_.
- 2.3 Test oo
? The module that test convergence is given in functional form in Figure A-4. - ]
. ~This is a function subroutine and returns the value 0 or 1. The value ;3 i\
N returned is zero if further adjustment is required; otherwise it is 1. ~ :
. o
{ 2.4 Adjust %
g When adjustment is required, this module is invoked. Three distinct forms i; Ei
: of modification are possible. They are: - E

(1) Fixed increment rule ©C .
< -
: (2) Absolute-correction rule %
X (3) Fractional-correction rule PO
: T8
! The particular type of correction that takes place is given as a parameter = %
. to this subprogram. A function flowchart describing this module is given = ;t
‘ in Figure A-5. The program returns tha amount of correction which takes o ?f
-, place to the calling program. D
' 3
- GO
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~ ( START ) FUNCTIONAL FLOWCHART: TRAIN.MONITOR

s

N A !
2 i
Do INITIALIZE :
LOOPCOUNT J
v AND DELTA i
- )
o
‘_‘ - | PRI&;R;NT IilEADER

2R TTRIBUTE SETS

S DELTA <THRESHOLD N

2 AND LOOPCOUNT < WINDOW OF SELECTED PAIR

S _ PRINT PROMPTING

N ;_ MESSAGE

[

s . INCREMENT LOOPCOUNT
{ ‘ GET ATTRIBUTE SET A

o GET ATTRIBUTE SET B

)

“ GET MAU FOR ATTRIBUTE SET A|

VN GET MAU FOR ATTRIBUTE SET B A

N SET DELTA TO DIFFERENCE OF

<t ATTRIBUTE SETS A AND B

s

o

<,

A

°

Figure A-3 .
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A XA

COMPUTE MAE VALUES
FOR ATTRIBUTE SETS A AND B

4.
S ]
P

READ AND ECHO
_SUBJECTS RESPONSE

-

IS.
MAE (A) >MAE (B)

—

SET CHOICE TO A SET CHOICE TO Br
PRINT CHOICE PRINT CHOICE <«

-
.

[
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C RETURN )
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( cTaRT > FUNCTIONAL FLOKCHART: TRAIN. TEST

INCREMENT TRIAL NUMBER

<:ATTRIBUTE DIFERENCES INITIALIZED INITIALIZE ATTRIBUTE DIFFERENCES

UPDATE WINDOW OF ATTRIBUTE DIFFERENCE VECTOR

FIND SUM OF MAE DIFFERENCES OVER WINDOW

NO
I3 S#E;LSEEEHOLD AND UPDATE WINDOW OF TRAINED VALUES

YES

- FIND SUM OF TRAINED VALUES

le SUM > THRESHOLD AND >_N°
METHOD=2
*YES
)
SET CONVERGENCE =1 _ SET EBNVERGENCE—

B Y
< RETURN )
Figure A-4
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- 2.5 Genatt

N This module returns to the calling program the newly chosen message attri-

iﬁ butes. In this version of the AIS model, the attributes of content area,
:3 age, familiarity, detail, priority and locale are randomly chosen.
‘o) R
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GET CURRENT
EXPECTED UTILITY

.....

(ADJUST ) FUNCTIONAL FLOWCHART: TRAIN. ADJUST

(SITUATION INCORRECTL>

pe CLASSIFIED ? >
NO
R GIXED-INCREMENT RUL@ -
” JYES
& NORMALIZE PHI
»” FIND ABSOLUTE VALUE
_ OF PHI
¥
NO

. < IS FRACTIONAL CORR CTION>_*.
¥ RULE DESIRED

YES
N ’ " SET PHI TO
~ SET PHI TO
3 ABSO SET PHI TO
. RULE TIMES PHI . EUPE YALUE MINUS RULE
i » Y Y
&
' SET CORRECTION'S SIGN
" ADJUST WEIGHTS
B B Y
CRETURN )
X
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FUNCTIONAL FLOWCHART: TRAIN.GEWATT 3

C GENATT )

1]

AN

SET ATTRIBUTE
VECTOR TO ZERO

RANDOMLY SELECT:

CONTENT AREA :
AGE - : .
FAMILIARITY —a
PRIORITY .
LOCALE co

vovy ~

LR

AR

g

C RETURN ) g

Figure A-6
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TURFPOSE?

Master Scheduler for trainins subsystem. A subdect ;s
rresented with 8 #3ir of attrioute vectors snd is ssked
to select one. Eased on subJect resronse 3 weisht matrix is

traineaq

. The rrocess is rereated until conversence is

obtained.,

ZXTERNALS?
choice
s1t
welsht
mesatt
Gift
trainedg
rormliz
morisund
tLrrimauyg
monsubJ

EX1IT CONDITIONS

-- subject’s last choice

-- command situation

-- subJect attribute weishts

-- messase asttribute values

-- attribute differerce vector

== O=riot trainedjil=trained
()--Normalize weicghts

()=--Monitor subject

)y=--Corngitionslly train current weishts
()--Monitor supdect

.
*

Exits when weishts converse.

Frintf("\033\105")} /%cleer the screen x/
rimntf (" The scenario for this rhsse of the Adastive Information\n®);
srintf(* Selector (AIS) exercise is taker from the TNG. You will\n®*)j}
rrantf(* be 3ssisned 3 srecific role or rolice to followe A #3ir\m®*)}
rrintf(e of messases disrlaved by their srecific sttributes wili\m®)j}
erintf(® pe sresented st sour terminal.You asre to select ore of the\n*);
»rintf(* messages (either A or B) based on wour assisred role and the\rn®);
rrintf(* current command situation which is disrlaved sloms with the \rn*)j
rrintf(* messase. HKe careful to notice whern the command situstiorn \n')s
srintf(* changes.\n");

srimtf (e If wou wish anw further exrlanation on this trainine \n®)s
prantf(* exercise rlease consult the training surervisor. The session \r')s;
arintf(’ will besgin after wou erress the return kes.\nrn")j

I wait for carigse return x/
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/X rormslize weisht matrix x/
TOr(J=03,<NSITid++)

<,

wrtr = §(weightlsitl[01)}
rormliz(wrtrrwrtrsNATT)}
3 ‘
rg 3 x/
for(cmdsit=0icmgdsit<NSITicmdsit++)
<

sit = cmdsiti
/% If commanad is 1 set remainins weishts to cmd sit 0 %/
1f{sit==1)

<

for(Jd=1#J<NSITsJ++)
{
for(i=03i<NATTiit+t)
weight(Jl0il = weightCOICils

¥
>
convers = 0}
trial = 0j
while(conversg==0Q)
<
n = NMSG-1;}
monsubJd()j /XMonitor reasl or simulated

sub.ect reseonsey clear screern X/
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/% Conditionalls Train Current Weishts x/

Tor(i=0+i<NATTii+t)
{

difflil = ms=att[0JCi)-mssatt(11Cid}
>
wrtr = 8(weishtlsitlL0])}
trained = trrmau(choicesNATTrwrtrigifTfs1.3)3%
rormliz(wrtrswrtrsNATT)§
iT(trained>0.0001)
£
FfOr(J=035J<NSIT?iJ++)
<
erintf(filedss*\n')j
for(i=0#i<NATTiit+4)
rrintf(filedss® %3.27"rweishtlJILid);
>

/% At this roint 3 converderce criterion must be met to exit from the loorkx/
convers = testcon()}
>

>

/% Write weight matrix on file x/

/% write weisht matrix to CRT X/

for(emdsit=0icmdsit<NSITicmdsit++?

<

Frintf(filedss*\n*);

for(i=03i<NATTsi++)
Printf({filedsy® %3.2f"sweightlomdsitllil)}

¥
cclose(fileds)s

returns
). .
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nansubd () v
FiLRFOSE -
Iisrlay attributes and obtain resrornse from resl (siml=0) .
or simulated (simul=1) subject. -
cXTERNALS? s
simul-~simulated subJdect flsd. =
sellJ--Numbers of two messases to be rresented ;
choice==(0 or 1) choice of subJect "
mssatt--messade sttributes
simwt-~weishts for simulated subJect o
- gotr()=--dot rroduct routine o
sit-~commard situstion f
sttvec--attribute vector
weisht--subJect weisht vector
msesti-~messsse sttribute vector ?a
. simwit--simulated subJject weishts o
-
8 = I3
n =13 i
loorct = 0O} v

dJeltas = 0,04
anile((delts<,01)88(loorect<10))
<

e

-loorct++i
seratt();
ror(i=03i<NATTiit+t+)
ms=gattlallil] = attveclils
sernatt ()i
for(i=05i<NATT:i+d)
msg3ttlblCil = sttveclildi
rmaul0] = dotr(i(mseattlall0])s2(weightlsitIC0Y)NATT) |
rmaull] = dotr(i(mssattlblL0))r»3(weightlsitIL0I) s NATTYS
delta = rmaulO0J-rmaufl1l;}
if(delts«~0) deltas = -1.0xdeltai ?.
), -
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Frintf("\n\n*)j /%xClear screenx/
Arimtt(*\rn COMMAND SITUATION: *);

if{sit==0)
ifTigit==1)
if(sit==2)
1T (sit==3)

rrintf (*»RE-MOBILIZATION®)
erintf (* MORILIZATION®)
erintf(* COMEAT")j

rrintf(* REGROUF OFERATION®)j

“dwrite messadge hegder X/
- % Code to Frrint words instead of sttribute levels x/

Arintf (" \nMESSAGE CONTENT AREA AGE sS/ht

FAMILIARITY FRIORITY LOCALE"* )i

forii=03i<27i++)

<

if(i==0) srintf{(*\n A X
if(i==1) printT("\n B )5
it(mssattLilC01==1) sriptf(’military
if(msgattlill1l==1) rrintf(’intelliserce
if(msssttlill21==1) rrintf(*rnesotiations
if(msgattliI[3I==1) errintf(’ecoromics
if(msgattlill41==0) rrintf(’immediste" )/
if(msdattlilL4)==1) rrintf(°’recent )i
if(msgattlill4I==2) rrintf(’old )
if(mssattLil[S)==0) rrintf(* summarw °*)j

- w0 e

- a =
e

else Frrintf(* detailed*®); .
if(ms=ga3ttLilLéI==0) rrintf(’ uriseen )

else rrintf(* seen )i
if(msg3ttLill7]I==0) rrintf(®low )i
else printf(*high ")
if(msgatt(iI[8I==0) mrintf(*own’);

else rrintf(*azdiscent®);

>

Frintf(*\nSelect A or E*)j}
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Sgt S .
) rintf(*\n*)}
1f{simul == 1) N -n
< ~
masl0) = gdotr(&(ms=gattlasll01),»2(simwtlsitlIC0])NATT)} ,}j
maull] = dote(8(mssattlnlC01) 8 (simwtlsitl[0])INATT)}
if(maul0l>maull1]) S
< h
choice = 14 o~
printf(*\nA")}
~rintf("\nchoice= %d®rchoice)i -
> -
else .
{
choice = 2}
. Frintf (' \nEk"); .
rantf(*\nchoice= Xd"schoice); P
-
return;’
} -
<X Resl SubJect x/ v
/% Assemble sny kewbosrd imrut locally with ro resd handging. x/ G
out = 0j °
while(out 1=1) 3
< ¢
kpofetr = kbufi ™
while(t!emptu(crtfd))
read(Oskbfrtrsl)i /% Read next chsr x/ e
«»08 = hbfrptr-kbufi | /%Get horiz shift for echo to CRTx/ \J
1]
temr = XkbDfrEtri - wt
kbfrtr+ts /%Urdate locsl buffer rointerx/
if((xpos++)==RUFFER_LENGTH) kbfrtr--j :}
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(_) L % If & carrisge return was twreds, srocess commandXx/
AN if (temr==NEWLINE)
nS switch(kbufC0d)
SRS <
.-:. -~ case’A’!
‘.-‘_. oy choice = 1}
breaki
‘ case ‘K’
..-;.‘ - choice = 2}
SN T bresks
s_:.* -t 3
:"_: gut = 1j
S e >
N e ‘
'._. ';
.. griptf(*\return from monsubds out= Zd®sout)s
".
.-\.' return;
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restcon()

FURFOSE
Urdates rarsmeters for conversernce testing accordirng to two
different methods. Whemn converserce is met according to the
srecified criteris @ one is returrned indicstinsg corivergercei
otherwise 3 zero is returred, ’ .
EXIT CONDITIONS? :
A rarameter irdicating conversence is returned. o
ALGORITHMS
l--Method 1 Fsst Convergerice Test--REehavior over the
window is recreated and evsluated with the new

we

[ on )
R

v

! - weishts.

SR . 2--HMethod 2 Slow Convergence Test--The amount of trainins 34
-.. [

¢ over the threshold is accumulated snd evalusted. pr-

EXTERNALS?
crnvwndl=Conversernce window for method 1
crnvwrnd2=Conversence wirdow for method 2
methog=1 for fast methodi 2 Tor slow method
tholdli=Threshold for method 1
thold2=Threshold for method 2
attdifll(I=Saved attribute difference vectors over crivwndl
choice=lLzst choice=0 or 1
diffCl=attribute differerce vector
dote()=dot rroduct function
weisht[1{I=weishts
sit=currernt command situation
trnsaveEwindow of saved values of trairned
chosenawindow of saved values of chosen
traired-- O=rot trsinedii=trained
sttdif--window of values of differerice
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cnvwnnl = WIND1j
trial++i
1f¥{trial==1)
{
for( =03 < NATT i y+4)
{fordi=0ji<cnvwndlii++)
attdifCilCJd = 10.094
> >
convers = 03
, %Method 1 Fast Conversence Test X/

K Move back values X/
for(i=lii<cnvwrndliits)

{

k=i-1}%

chosenlk]) = chosenlili
Ffor(i=0;JuNATT J++)
{
sttgdiflkICJ] = attagifCillalé
¥

s

chosenlenvuwndli-1] = choices

for(J=05 JNATTiJ++)

P AP

NIy RS

"o a0t

attdiflenvwndl-130J] = 4iffLJds

/% Calculate riew accumulated maudif
sum = 0.7

1f(trial>WINDL)

<

ror(i=0ji<cnvwndliit+s)

sy WA

e o

v v v

<
maudif = dotr(2a3ttdiflill0]s&(weightl(sitILO0])NATT)
it ((maudif>0)&&(chosenlil==2)) sum = sumtmaudifs;

if({maudif<0)is(chosenlil==1)) sum =
>
LT ((sum<tholdl)is(methode=1)) converg = 1}
rrintf(*\rMaudif for fast method= X%5,4f*,sum)}
>

v

sun~maudifi
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e L 92 -

/%xSlow Converserce test x/ N

for(i=lii<crnvwnd2ii++) o~

trnsavli-1] = trnsavlil;

trnsavlienvwnd2-1) = trsinedid

if (trialWIND2) : .

<

sum = Q.4 -

for(i=0si<cnvwnd2ii++) sum = sumttrnsavlils

iT((sum<thold2)it(method==2)) convers = 1j L a

rrintf(*\rnsum of traired for slow methog= %S.4T"ssum)j lf

> T

7K &/

srintf(*\riend of testcori cornvers= Za'rconvers)j

. return(convers) i o
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- trrmau(1asnswrsTiale) 2
'
b (e FPURFOSE: 1
! Trazins & multi-sttributer wtility model., The model is 1
", treated as 3 threshold logic machine with ro constant A
b N term and 3 srecified correction rule is arrlied. E
[ ] by
ﬂ
N ARGUMENTS S
i is - observeqd castesory (inteser)
k < ] - ro. of comronents in % <{(inteder) L
) w - model vector (real) Y
O " - sttripute~difference vector (real) By
4 rule - correction rule (real) ;
: (susgested: rule=1.,3) K
"~ )
N ': EXIT CONDITIONS:
’ Wheri srrrorriates the model is trained and the asddustment
: R cornstant is returried. Zero is returrned when no trainins
b ~ takes rlace.
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<LGORITHMS
Wher EU(x)<=0y ann observed catesdory is 1
(1) w=mwdeXxi
Wher EU(x):>=0y and observed catesorwy is 2,
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(2)  wsw-cXi, )

~: kg Fixed-Increment Rule! :
. c is 2 constant > O. o
S - Absolute-Correction Rule! W,
A c=gi(abs((w)dot(x))/((x)dot(x))y o
: snd d8i is the dreatest-inteser furctior.

. Fractional-Correction Rule!
. s c=lambdakabs ((w)dot (:))/((x)dot(x)).,
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30J=0,7 /xinitialize adJustment record.x/
rhi=dotr(wsxrn)i /%XGet current EU. x/
/X Train only if situation is incorrectly classified. x/

if (((phi<=0,)11(ia!=1))R8((phi>=0,)!i(ia!Im2))22
(dotr(xixsn) !=0.0))

/% Use desired adJustment rule to set adiustment. X/ '
€ if (rule<O.)
rhi= -pryles /%kFixed-Increment x/
else

{ rhi=phi/dotr(xynrn)i
if (»hi<0.)
rhi=z ~phij
if (rule==0,)

SK Absolute-Correction E ¥4
rhiz=abs(rhit+l ) s
7 X Fractional-Correction x/
else rhi=rulexrhii
>
adJ=rhis
it (ial=1) /%Set correction’s sisn. x/
rhi® -phij
/X AdJust weisghts. x/

for (i=03#i<nii++)
wlid=wlil+rhixx[il}
>
return{adJli
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statt2()

/K
NAME ¢
stattl.c
FUNCTION:
Gets asttributes of 311 messsses and the tyre of each messsse
ALGORITHM?
for (i = O0s rmumoer of messades)
<
find messase numper
find messase ture
Tind messase end
extract messase sttributes
fing double slashes

¥
return

RETURNS?
s 0 if successful or 2 if an error occurred

GLORALS?
msefd -~ messase file cdescrirtor
msatll] -~ Tull path name of messade file
turem(l ~ vector contsining messsge tures
msaattlé1109) - messase attributés
msattl611L2ICP?) ~ messadse attributes for each subdect

(inteser)
{character:
{inteser)
(float)
(float)
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N
/X Jren message tile. 4/ N
mssrTd=corenimsgfly‘'r’ )} _
I Get each messase’s attributes. x/ ~
for (i=Qii<rmessii+t+) _f
{ temrc="27; . -
while ((temrci=’Q’)8&(temmrci=’1’)) /% Find mss. ro. X/
tempcmcsete(msufd)§ o
Je
while (temarc!=’/’) /% Find mss. tore. x/ :{
{ temrlc=temsrci
5
temrcz=cgetc(msard)i f:
> ‘-
P 3 Record messase ture. x/
switch (tems2c) -
- < .-\‘
case 'nm’¢ —1
J=O#
oreari
case ‘I’ e
J=13 e
oreak i e
case "“N‘¢
J=2j .
oreski -1
case ‘E‘?S ~
Ja3§
Dreaks
default: "’
JEO§ 5:
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turemCil=Ji

temrc = Q'

while (temec i= /%) /%X find mss. end L 74
temrc = cgetc(mssftd);

tor (J=0id<nattiJd+s)

{ test = scanf(msafds "%f%c’rimssattL[illJlritemprc)i
msattliJC0ICJ] = msattlilL1]CJ] = mssattlillyl}
if (test 1= 2)

goto error;
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>
temric = ‘173
while (temr2c '= /') /% =et bnlock terminator
{ temrc = csgetc(msgfd)i
if (temre == /%)
temrlc = cesetc(mssfd)i

A A 08,8 T,

¥

F
cclose{mssard)s
return(0)i
cclose(mssfd)i

error! return(2)j
>
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MODEL CALIBRATION PHASE

1. Introduction

The emphasis of the testing phase is to provide a framework to test the
validity of the AIS model. Toward this end, two sets of statistics will

be gathered. These statistics provide a measure of the utility of the AIS
model in routing and prioritizing messages in the TCC environment. Using
the two commands available to the user during this phase, implicit and
explicit declaration of the value of a multi-attributed message can be
obtained. When the user enters the next message command, the rating which
follows provides an explicit value of the message utility. In the alternate
case, when the user enters the select message command, it is assumed that
the message selected by the user has the highest utility to the user. From
this, an implicit value of the message utility can be obtained.

2. Principal Functions

The modules vwhich make up the testing phase of the AIS model are:

(1) Main - Execution Controller
(2) Route - Message Router

(3) Monitor - User Monitor

(4) Process - Command Interpreter

Figure B-1 shows the precedence of the modules in the calibration phase.
Route and monitor are routines called by main; process is a subroutine
called by monitor.

2.1 Main

The flowchart for this module is shown in Figure B-2. This module s
responsible for control of program execution. As described in the users

B-1

......................



\\ guide, three control cases, each with four command situations, is run for
L& each user. Within each command situation, a process of routing and monitor- s
: ing is repeated. If no message is to be routed, the cycle consists only of -!
o monitoring the subjects.
- : At the conclusion of each command situation, the statistics gathered are
printed, and the next command situation initiated. N
:"J':: -~
e
ij::?_. 2.2 Route
s 3
{ Routing of a message consists of determination of the recipient, logging the
~-.::{:' message in the selected users bin, and showing the user the new updated bin.
:ji'_:_ The functional flowchart is shown in Figure B-3. The selected message recip-
Z;;;I: ient depends on the control case, and the calculated MAE for the message. -
.“ Logging of a message consists of updating the users bin pointer with the =
.-::I:j message ID, and the calculated MAE value of the message.
' b
25
- 2.3 Monitor 0
. . . e
- This module is responsible for monitoring keyboard activity of each user in
j'.f'_l; the system. This is accomplished by reading the characters that are typed .‘_'.
‘Z:‘;}j by a user, and processing the resulting command when it is complete. The ’
S
) functional flowchart is given in Figure B-4. A
A A
0 2.4  Process
l:\:
:;‘-’ A description of the user control commands was given in an earlier section;
R they are repeated here to aid in describing the function of this module. >
", In the case of a 'halt' or ‘'proceed' command, the required processing is -
., straight forward. When the user enters ‘'proceed', the command situation is
. updated and the program continues. s
f'.:f'-f The functional flowchart given in Figure B-5 shows that the system next o
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o
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- -i

- checks to see if a user rating has been gntered. The system currently ]

i il allows the user to choose a message from the bin, or allow the AIS model to R

: (98

.. choose a message for the user. If the AIS model chooses a message, the user ;

EQ is required to enter a rating. A functional flowchart for the selection E,

module which is called by this process is given in Figure B-6. b,

- »

ﬁ " In the selection module, the commands 'next' and 'select' are implemented E:

f 'Q with the error messages that may result from each. Finally, the message o

\ o) that is chosen, whether by the model or by the user, is displayed on the i

{ - user's terminal. At this time, the user's bin is also updated to show that ;

e the message no longer resides in his bin. ¥

‘

- ~
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Do

2 - ROUTE :'
{

, N

N F::

2R MAIN "

A

| ]

P N

MONITOR PROCESS 1)

3 N

4]

L y

b 2

b o)

FIGURE B.1 MODULE INVOKING SEQUENCE FOR TESTING PHASE =
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FUNCTIONAL FLOWCHART: TEST. MAIN 1

@

INITIALIZE CRT'S

PRINT TEXT (INTRO)

FOR EACH CONTROL CASE D%

"4
F'a -'i.i'. .

‘® o e
NARAIG

FOR EACH CMD SITUATION DO > ‘

-

lal

v

Ul eAN,

L]
’

b A

S
’L

PRINT TEXT (EXIT)

I

{
N
W
N
!
h o]
[ )
o
\ﬁ\
».
o

( RETURN )

<:TIME ROUTE MSG ?
YES

]
o

Wl

[]

ROUTE NEWLY SELECTED MSG

I“".' "

-

MONITOR EACH SUBJECT

NO _/CHANGE
SAME CMD SITUATION

YES .

PRINT STATISTICS

@D

Figure B.2
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5o FUNCTIONAL FLOWCHART OF: TEST.ROUTE 2
(N :
L | (" route ) x
| u :
oI CALCULATE MAE OF MESSAGE FOR EACH SUBJECT :
; b
{
i CHOOSE SUBJECT FOR MESSAGE ROUTING R
3 :
> “ ::
< ¥ NO |
1 <CHOSEN SUBJECTS BIN FULL ? ¥
Y. 3
b > YES X
.« » )
K ) -
. | PUT MESSAGE IN BIN, UPDATE BIN °3
y d |
el -
2 -
LS 1

o Goag 8y Bty |

) ' ( RETURN ) A
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FUNCTIONAL FLOWCHART: TEST.MONITOR 3

( MONITOR )

WHILE SUBJECTS BUFFER NOT EMPTY DO H

«

—

'y

< FIRST CHARACTER OF BUFFER

YES

CLEAR COMMAND LINE AND
~ ERROR MESSAGES

READ AND ECHO NEXT CHARACTER

—— commanp ReADY ?>

YES

PROCESS COMMAND

Cor)

Figure B.4
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0
.

S |

|

GROCESS ) FUNCTIONAL FLOWCHART: TEST. PROCESS 4

NO NO
<COMMAND # smp> + < BUFFER EMPTY)_QRETURN )
YES J YES
commann_ \ MO CHANGE CMD
#START 2/ SITUATION RETURN
YES
ATING FLAG N\ yd NO
< e Y D < RATING LEGAL ? )——
YES ;
“sG IN NO UPDATE '
BLFFER STATISTICS ,
YES
_ CALL PRINT CLEAR PRINT ERR
SELECTION ERROR MSG RATING FLAG MESSAGE

( RETURN >

Figure B.5 .
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7 GELE 11 OD - TEST.PROCESS.SELECTION 4.5

([ ~
s .

\'-

- CHARACTER ENJERED 1S ~
::: < N or S ]; >——-— PRINT ERROR = 3
:r.:z |

\f =
= FIND MSG WITH
& HIGHEST MAE &

: -
{ < CHARACTER ENTERED S MO -
3 1s N? / X
WS YES

.'1 s
-;“ U
Y SET RATING SELECTIQN &

° FLAG VALID ?

b CONT;Ob 8ASE NO SELECT RANDOM FIND MAU-OF .

MSG SELECTED MSG

- YES 3
s | FIND DELTA AND |
~ | UPDATE STATISTICS =
o I
; » Y .

€

ISPLAY MESSAG
SELECTED < |

$l
>
&
( RETURN ) o
o)

Figure B.6
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main()
o
(S NAME .
@MEC.C
FUNCTION?
s This is the main rrogram which loors throush the control
o~ cases and command situations. It c3lls route.c to send messases
o~ to a number of subJects at rreset imtervals. It also calls
moritor.c to sccert each subdect’s resrornses. It srints accumulated
o™ statistics from subject’s resronses after each control case
;{ . snd command situation.
- SLOCRITHMS
initialize CRYT’s and oren files
. resd all messases attributes
S clear screen
f: for (control case = Osnce)
. while (command situation < ncs)
- <
o’ : route messades
. monitor subJects
if (time for rnext commard situation) rrint statistics

> end of while loo»
e > ernd of for loor
- end
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GLORALS?

mssfd
crtfdl]

nssfll]
koufTC2IC7]

© Kkbufrtrl]

achol]
comb2
clrl]
tesC]
vectl(3]
ch
avsl]
varll]
nil

ce

csl

bl

maul23C10]
hitC]

totlLl
totdC]

Frand()
CALLS?

messsge file descrirtor
CRT file descrirtor for each subdJect

full rath rame of messasge file

command buffer area
buffer area rointer

character echo buffer

character string COMMAND:?

code to0 clesr screen

timing vector for each
timing vector for each
flad to chanse command
averase ratinsg of each
variance of ratindgs of
total rumber of ratings for each subJect

current corntrol casse

command situation

messade
situation
sub.ect

each subJject

current command situation

rointer to tor of esch subdect’s bin
mau value of each messase in each

subJect’s bin

counter for matches between

sustem and subJect selected messases
total rumber of selected messases

total of msu differerces between sub.ect
and system selections

random number generator [0r1)

orenrcrisetrwritersgtbiaslrmrintfrgtatt2rsinfamdrcorenrsleerytmeasurysrand,

(inteder)
(irnteder)
{character)
(character)
(charascter rointer)
(character)
(character)
(character)
(inteder)
(inteder)
(intedger)
(flost)
(float)
(float)
(inteser)
(inteser)
{(integer)
(float)

(intedger)

(integer)
(float)

(float)

L 4

4 7

ey

27 e%
DAY

[ 0

’ e

7




P

o .;:.

K ¢

b

_'): - [
YR 4
‘. . L

[

»
P

Q.\
'.'\ .

LA
\:‘» ]
B 1 ) N

N ) rorécc = iccice ¥ neceicctt) /% control case loor. x/ 3
:5 while(csl « ncs ) /% command situation looe. x/ i

- <

:’ N sleer (nsecond)i/x slees n second. x/ i
\: :\: tl1 = tmeasur()i /X% recored initialize time. x/
2 ° clock = clock + nsecondi /X urdste the clock. x/
( if(vectlrl <= clock) /% time for next messadge. x/
X ~ <

SO #++; /% increment = by 1. x/

¥, At temr = srand()Xrmmessi

s . inrmess = temr;

f{~ .- area(inrmess); /% assisn attribute ro 8. x/

~' ar route(inrmess)i /% ¢a3ll route routine. X/

) oo. cloci=03%

°* - y

3 monitor(Q);

~; e monitor(1l)s

SR t2 = tmeasur()i /X record end time. x/

DS t3 = (t2-t1)/60. + clocki /% time interval. x/

N t4 = t4+t3;

:t . if((t4 >= tcslesll)ii(ech==1)) /% if time to chandge command situation. X/

<
write(ertfdlOdschdsit»34)}
write(crtfdlildychdsit134) 3
sleer(3)}
for(i=07i<=1si++)
{ write(crtfdlilsclre2)i
- rrthd(i)

¥

-
¥

'
P

R IR
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s %

write(crtfdlOl,ystdbuys19)
writel(crtfdl1lystdbwsr19)}
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if(rnf0l1!=0.) aved(0l = totdl[01/nL0];
else av=dl0] = 0.}
if(nf111=0.) aved{1] = totdl13/rnl13]}
else aved[1l = 0.
if(totl01!=0.) rFhitl0] = hit[O0J/totl0]}
else phitl0] = 0.3
if(totf111=0,.) phitl1] = hitl1]/totl11}
else »hitl1] = 0.}
/X rrint statistics.,

x/

rrintf(*\rnfor control case %dy ard commard situation Zds\n"rccrcsl)i

rrintf(*\nsubd 0! mean Xfs var Zf, ratio agree %Zfs, aveg dist ZT°,
avel0lsyvarl0lsrnitl0)ryavadlOl)i

Frintf(*\nsubj 1! mearn XZf» var Zfy ratio sdree JXf» ave dist If",
avelllsvarlildsrhitlidravedl11)}

csl+ts /% rnext command situastion,

ch = 0i

clock = 0 /X reset statistics and clock.,

t4 = 0; /% initialize accumulate time to O.

P = 0} /% initialize cournter of time interval to

nl0] = nC1) = O,
aval0) = avalil] = 0.
varf0] = varll] = 0.
ibL0] = -1 ibf1]) = -
hitf0J = hitf1] = 0.
totf0l = totlil = 0.
for (i=035i<10ii+d)

{ mauf01Cil = 0.5 maulilCil = 0.4 >
> /% end of if loaows.

w0 = owp e
-

} /% end of while loor.,
csl = 0}
infam0()3 /% initislize fimilaritw vector to 0.

> /% end of control case loor.

x/

x/
x/

x/

x/

x/

x/
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L
. route(mssid)
o /X
b NAME $
route.c
- FUNCTION?
- Distribute incoming messagse to arrrorriate subdect’s bin by eitner
e using mau or randomly

ALGORITHM?:
Calculate mau of message for each subJect

N if(comtrol case = 2) rlace messase in bin of subdect with hishest mau value
a: otherwise rlsce randomly in one of the subJect’s bin
- return
FARAMETERS:
- msaid - message number (inteder)
o GLOEALS:
gﬂ - ce ~ current control case {integer)
crtfdl] - CRT file descrirtor for each subdect (inteser)
4 ibl1] - erointer to tor of each subdect’s bin {inteser)
P of messases
N esl - current command situstion {integer)
I scr - subJject chosen for routing (inteser)
echol] - character echo buffer (character)
.= msatt(611021(9] - messase attributes of all messases for (flost)
- . each subdect
{ n weisht{21[431({7?] - weights for each subJlect under all (float?
‘ command situations
pinl23C103 - stack containing current collection of (irnteger)
0 messases for each subJect
hu maul210103 - mau value of each messsse in esch (float)
- subJdect’s bin
dotr () - dot rroduct routire (flosat)
V.
w.
5
éﬂ
L.
2
n
._‘.
)
LY
I
W
N
s

g

N R I F C B0 (P G O G I G G S e TR T S A N, N N A G P LA LS

LJ
" - B i W

AR By

KA

CAMIAINT L\ P XS AZ THGWWREET LAMPLAFLNAIY N SARAnMS S Sl ai LARRIARIIS 1~ R NI IR  J ISR Tl few  JUONUR N ALY - 5



